Field and growth room experiments at Mandan, N. D., evaluated the effects o£ seed depth and soil temperature on corn (Zea mays L.) germination and emergence. In the growth room, from 4 to 24 days were required to achieve 80% emergence, depending upon soil temperature and seed depth. Increasing soil temperature from 13.3 to 26.7 C reduced the time for 80% emergence. Temperature had a much greater effect than seed depth on emergence. A highly significant linear relationship existed between percent emergence and cumulative degree-days above 10 C.
C ORN growers often contend with cool soils during spring planting. Frequently, low temperatures and dry surface soil adversely affect corn (Zea mays L.) germination and stand. Controlling depth of planting is sometimes a problem, especially on uneven ground. Occasionally, growers must plant corn deeper than normal to place the seed into moist soil. This varied depth of planting could have an adverse effect on germination and emergence.
Lehenbauer (5) reported a linear increase in rate of growth from 10 to 30C, a maximum at 30 to 31.7C and a linear decrease in growth rate from 33 to 44C. The data involved shoot growth of corn seedlings under controlled conditions during a 9-hour period. Dickson (4) reported an optimum temperature range of 24 to 28C for young corn seedlings. Willis et al. (7) found a mulched, heated seedbed accelerated corn germination. Coffman (2) showed that corn germinated best at temperatures above 10C, with a sharp decrease in germination below 10C. Martin et al. (6) found that the percentage and rate of germination for several varieties of sorghum were reduced by soil temperatures below 25C. Cummins and Parks (3) reported corn did not germinate at 10C.
Most of the literature deals with the relationships of corn growth to temperature following emergence. This paper reports studies conducted in the field and growth chamber relating the effects of soil temperature and seeding depth on the rate and time of corn emergence. Relationship of seeding depth to corn growth and yield in this field study is reported in another paper (1).
MATERIALS AND METHODS
Field experiments were conducted at Mandan, North Dakota on the same site in 1961 and 1964 on Eakin silt loam, a chestnut soil formed in loess overlying glacial till. In both years, depth of seeding treatments were (a) 2.5, (b) 7.6, (c) 12.7 and (d) 17.8 cm in holes 2 cm in diameter bored to the indicated depth. Two seeds (85-day maturity) were dropped in each hole (spaced 38 cm apart in row) and the soil core was replaced. A randomized block design with four replications was used. Each plot (3.2 X 6.4 m) contained three rows spaced 1.1 m apart. Soil temperatures were measured by thermocouples at soil depths corresponding to each seed depth. Temperatures were taken at an hour that corresponded to the mean daily soil temperature for the particular seed depth as indicated by soil thermographs installed on selected plots. Percent of total seeds planted that emerged and date of emergence were recorded. Eighty percent emergence was considered adequate for a normal stand.
The effects of soil temperature and planting depth on corn emergence were also studied in the growth room. Variables were: (a) three seed depths (2.5, 7.6 and 12.7 cm), and (b) four soil temperatures (6.7, 13.3, 20.0 and 26.7C). A splitblock design (soil temperature as main blocks) was used. In each of 108 cans of Eakin silt loam, 10 holes 2 cm in diameter were bored to depths corresponding to seed placement depths. Corn seed (treated with fungicide) was dropped in each hole and the original soil core replaced. The cans were placed in constant temperature water baths (± 0.28C) in a controlled light-temperature plant growth room (8). Air temperature was maintained at approximately 22C. Light intensity 15 cm above the soil surface was maintained at about 12,000 lux during a 16-hour day. Relative humidity normally varied from 30 to 50%. Soil moisture was maintained near field capacity. Cans were covered until seedlings emerged to prevent rapid surface drying. Daily observations were made on corn emergence. Cans were removed to the greenhouse for 4 days, after 24 days in the growth chamber. Air temperature in the greenhouse was about 22C. On the 28th day, soil cores were inspected to determine the condition of ungerminated seeds.
RESULTS AND DISCUSSION
The effects of seed depth and soil temperature on the rate and time of emergence in the growth room are presented in Table 1 . Increasing soil temperatures from 13.3 to 26.7C reduced the number of days to emergence. Both temperature and seed depth significantly influenced time of emergence. However, temperature had a much greater effect on corn emergence than seed depth. No corn emerged at 6.7C temperature in 24 days. Time for 80% emergence ranged from 4 to 24 days, depending upon soil temperature and seed depth. However, temperature of 13.3C at 12.7-cm planting depth resulted in only 60% emergence.
I3 uring the 4-day period in the greenhouse, no more see~.lings emerged. The ungerminated seeds were moldy and disintegrated, especially those that were at the lowest soil temperature. At the end of the 28-day period, average plant heights were 36.5 and 37.0 cm for 26.7 and 20.0C temperatures, respectively. Plant heights varied slightly among depth treatments for the,,;c high temperatures. Less growth was made at 13.~,C. At this temperature, heights of 15.0, 7.8 and 5.2 cm were measured for seeding depths of 2.5, 7.6 and 12.7 cm, respectively.
Since corn does not generally grow below 10C (5), degree-days in Fig. 1 have been computed from a base ternperature of 10C. Fig. 1 shows a relationship of perzent emergence to degree-days under controlled conditions. The curve is an average of the three seed depths at various soil temperatures since the regression analysis indicated no significant effect of depth upon this relationship.
The relationship between percent emergence and degree-days was highly significant (r = 0.790). The regression equations (Fig. 1) indicates that about 68 degree-days was required for 80% emergel~ ces.
The effects of seed depths upon emergence of fieldgrown corn are shown in Table 2 . In 1961 emergence wa~ lower because the surface soil was moderately dry at ?lanting and no precipitation was received during germination. Thus, the percent emergence given for 19{ 1 approximates the final stand. In 1964, however, the surface soil was near field capacity and final emergertce was greater than the 80% value listed. However, the data were cut-off at 80% emergence since anything greater than this usually approximates a normal stand.
Number of days required for the percent of emergence shown and the mean soil temperature during these field periods are also listed in Table 2 . From these data, degree-days (degree-day X days) required for the emergence of near final stand were calculated. Tke extremely high degree-days reported for the 2.5-cm depth in 1961 should be disregarded, because germination was severely retarded by a soil water deficit. However, in all other instances degree-days required for near final emergence was in the 60 to 85 degreeday range, Interestingly, field-measured degree-days in Table 2 correspond with the growth chamber derived relationship in Fig. 1 . Considering the more normal seeding depth of 7.6 cm or the deeper planting at 12.7 cm, the degree-days listed in Table 2 fit the regression curve shown in Fig. 1 very well. Data for the 17.8-cm depth also fit the regression curve reasonably well £or 1964. Of course, water deficits may sometimes invalidate such a comparison for field-planted corn. However, these results confirm the conclusion derived trom Fig. 1 that corn seedling emergence is controlled primarily by soil temperature integrated over time or degree-days.
The relationship between time and cumulative degree-days for both the growth room and field experiments are given in Fig. 2 . Air and soil temperature (7.6-cm depth) curves for the field period between planting and emergence fell between the 13 and 20C growth room curves. From Fig. 1 , it was concluded that about 68 degree-days are required for 80% emergences. According to the field data in Fig. 2 , one should expect nearly complete emergence of corn about 10 days after planting at about the 7.6-cm depth. Such time requirements are verified by the data given in Table 2 . Consequently, it again appears that the degree-day requirement for corn emergence derived in the growth room applies under field condition.
These facts suggest that corn planted in a seedbed at temperature below 10C has little chance for germination (2, 3). With soil temperatures above 10C, depth of seeding will have a small influence on rate and time of emergence. Martin et al. (6) found that sorghum emergence was influenced by planting depth, especially at the lower temperature (15C). They also reported an optimum temperature range of 25 to 35C and a time requirement of 4 to 5 days for sorghum germination, regardless of seed depth. In the 1964 experiment, time to 80% emergence was increased by 1 day for each 5.1-cm increment in depth. A temperature decrease of about 2C was also recorded for each 5.1-cm increment of depth.
